Object. Intrathecal baclofen (ITB) pump catheter placement is traditionally performed through entry into the spinal sac at the lumbar spine. A minority of children with cerebral palsy have severe concomitant neuromuscular scoliosis. In these children, whether surgically treated or not, access to the intradural space via the lumbar spine may prove technically challenging. The authors report on a series of children in whom, for various reasons, an ITB cath eter was implanted using a posterior cervical spine approach.
S
paSticity in children as a result of cerebral palsy can hamper their ability to perform daily activities and can become an encumbrance to caregivers. In this respect, ITB has developed into an indispensible tool in the management of spasticity, with good evidence of efficacy on reduction in muscle tone and resultant im provement in quality of life. 1, 5, 13, 14, 16 Traditionally, access to the intrathecal space is gained via a lumbar spinal approach, with the catheter usually lying in the low thoracic region. By convention, specific positions for the catheter tip are recommended depending on etiology or the intended region of the baclofen therapy target. 2 However, a recent study has confirmed that the position of the catheter in the spine has no correlation to the clinical response to spasticity. 12 Occasionally, access to the lumbar spine can be hin dered by both surgically corrected and untreated scolio sis. In addition, we have observed that iatrogenic damage to the catheter inserted via a lumbar spinal approach is currently the greatest complication in children with ITB pumps who undergo subsequent scoliosis correction sur gery. Access to the spinal sac via a posterior cervical 9 and foramen magnum 3 approach has been previously described as a way of circumventing these difficulties. In the current report we describe our experience using a posterior cervical approach for the aforementioned rea sons. The indication for ITB therapy and surgical and treatment outcomes in a series of 20 patients were ana lyzed.
Methods
Between 2006 and 2011, 20 children underwent bac lofen catheter implantation via a posterior cervical ap Cervical implantation of intrathecal baclofen pump catheter in children with severe scoliosis Clinical article proach. Where appropriate, parents and caregivers were counseled on alternative approaches, such as rhizotomy, and they made the final choice of the surgical approach to be performed. A retrospective review of all case notes and radiographs was performed. This review was con ducted on a background of 250 ITB pumps implanted in children with cerebral palsy between 1998 and 2011.
Surgical Technique
Under general anesthesia, the child is positioned in the lateral decubitus position. A low cervical midline incision is fashioned, and the interlaminar soft tissue is cleared. A small laminotomy is performed to the right of midline (to facilitate later tunneling of the catheter) to gain sufficient access to the dura mater. A small durotomy is performed. The arachnoid is then opened with a blunt dural hook, and under direct vision the catheter is passed without a stylet, and thus avoiding damage to neural tis sue into the subarachnoid space. In our experience with over 200 ITB implantations, the end point of the intra thecal catheter has no relation to the clinical response to spasticity, regardless of etiology. 12, 16 Thus, in our opinion, the direction and end point of the catheter is not impor tant. Approximation of the dura is not usually required, and despite this, none of our cases demonstrated a pseu domeningocele requiring a CSF diversion procedure.
After creating a subfascial pouch in the abdomen for the baclofen pump, tunneling is performed from the abdomen toward the cervical spine. Despite utilizing a 1-piece catheter (8709SC intrathecal catheter, Medtronic, Inc.) to avoid disconnection, no extensions to accommo date children's growth have been required. The tunnel ing device leaves the pump site from inside the subfascial pouch by passing between the muscle layers and then piercing the external oblique muscle and its fascia to be in subcutaneous tissue. We believe this technique has many advantages. 1) The catheter and connector of the pump are completely buried under the muscular layer, as the fascial incision will be completely closed upon them. 2) Initiating the tunneling at the abdominal end and travers ing through the muscular layers under direct vision before taking a subcutaneous route avoids accessing the wrong planes from a reversed approach. 3) Catheter migration appears to be less common utilizing the subfascial tech nique as opposed to the subcutaneous technique, as the anterior half of the catheter tunnel passes between the muscles before it arrives in the subcutaneous tissues. We assume the muscular cover restricts the catheter move ment and decreases the incidence of migration, while fatty slippery tissue in the subcutaneous technique may increase migration risks. In addition, the midaxillary line, where the catheter changes its plane from intermuscular to subcutaneous, acts a natural anchor for the catheter and prevents its migration.
To avoid interference with scapular movement, tun neling from the abdomen quickly passes close to the midline and runs cranially, medial to the scapula border ( Figs. 1 and 2 ). In our series, we have not had any issues with excessive motion, and we do not routinely apply fixa tion devices to secure them. Given that the children are usually underweight and malnourished because of their underlying condition, we prefer to keep foreign material to a minimum to reduce the risk of infection or explanta tion.
Results
Twenty children were identified as requiring posteri or cervical catheter insertions. Of these, 13 had either pre vious spinal corrective surgery or untreated severe scolio sis, which rendered lumbar sac cannulation very difficult ( Table 1) . The remaining 7 patients were those in whom the ITB catheter was initially inserted via the traditional lumbar route, although during subsequent spinal fixation surgery, the catheter was iatrogenically transected. In this latter group, given the previous difficulty with attempted reimplantation around spinal metalwork and the fusion mass, lumbar sac cannulation was not considered.
The etiology of spasticity in the majority of patients (19 of 20) was cerebral palsy. Glutaric aciduria Type 1 was diagnosed in the remaining child. Patient sex was equally divided, and the average age at implantation was 14 years (range 10-19 years). Predominantly, access to the intrathecal space was achieved via a C-7 or T-1 hemi laminotomy, and a variety of catheter positions were ob tained ( Table 2 ). The mean duration of followup was 29 months (range 4-66 months).
The average intradural length of the catheter was just over 6 spinal segments. It may appear from Table 2 that in 5 cases a very short intradural catheter length was achieved. This was not the case, however, as in 4 of the cases, the intradural catheter had progressed superiorly and then coiled inferiorly (Fig. 3) . In the 1 case in which the intradural length was only 1 spinal segment, we did not encounter any complications in 2 years of followup.
There were 2 cases of pump implant site infection with Pseudomonas aeruginosa requiring explantation of the whole system. In the first case, colonization of the trachea with the same organism was noted; in the sec ond case, prior scoliosis correction was complicated by Pseudomonas wound infection. Thus, in both cases, con tamination of the implant from other sites was deemed responsible ( Table 3) .
The implantation procedure was abandoned in 1 case given the presence of excessive scarring, which preclud ed access to the intradural space. In 1 case, the cervical wound leaked CSF, and the catheter was found to have migrated out of the spinal canal. This latter case required implant removal at the time; however, subsequent reinser tion into the cervical spine was successful.
One patient had an implant removed as a result of intolerance to ITB. Upon increasing the baclofen dose to control spasticity, caregivers noted episodes of con fusion, drowsiness, and hallucinations. An initial trial of a reduced baclofen concentration was attempted, and although this helped with side effects, the dose was not sufficient to ease the patient's spasticity. Eventually, given patient and caregiver concerns that a balance between spasticity control and baclofen tolerance could not be achieved, the implant was removed.
In all cases in which implantation was successful, in cluding those in which there had been subsequent infec tion or migration, the patient and caregiver believed that ITB was beneficial in the management of spasticity.
Discussion
Randomized trials have confirmed that ITB is safe and efficacious in the treatment of children with spastic ity. 7 The reduction in muscle tone from baclofen assists with pain relief, halts the progression of orthopedic defor mities, and facilitates the care of affected children. 1, 5, 13, 14, 16 Scoliosis is a common finding in children with ce rebral palsy as compared with the general population. Studies have quoted between 15% and 80% prevalence in cases of cerebral palsy, with the wide prevalence margins attributed to variations in sample populations and radio logical methods of defining scoliosis. 4, 8 Only a few chil dren with cerebral palsy and ITB pump implants proceed to scoliosis surgery. The effect of baclofen on the progres sion of scoliosis is debatable, with studies demonstrating contradictory results. 6, 10, 11 Traditionally, our practice in children with spasticity involves a lumbar spinal approach for thecal cannulation with the ITB catheter. However, access to the lumbar spi nal sac in children with untreated or treated scoliosis can prove challenging, especially in the latter group in which a fusion mass and metalwork further complicate the ap proach.
In addition, a number of children with previous lum bar ITB systems have presented to our service after sub sequent spinal stabilization surgery as a result of iatro genic transection of the ITB pump catheter or ITB pump failure (due to monopolar diathermy usage). Manufactur ers of the ITB pump do warn that shortwave diathermy can damage the pump and thus should be avoided within 30 cm of the pump or catheter.
As a result of these challenges, our treatment para digm has evolved to include insertion of the intrathecal catheter via a posterior cervical approach for a number of indications: 1) in children with treated scoliosis in which a fusion mass or metalwork would hamper access; 2) in children with corrected scoliosis in which iatrogenic damage to the implant has occurred; and "prophylactic" insertion in children with uncorrected severe scoliosis 3) in whom access to the lumbar sac would be impeded; or 4) in whom spinal stabilization is under consideration. In Fig. 1 . The ITB catheter can be seen traveling from the abdomen cranially, medial to the scapula, and entering the cervical spine above the level of spinal instrumentation. the latter case, if spinal correction is imminent, then im plantation of the ITB system is deferred until spinal sur gery and full recovery have taken place to avoid the risk of diathermyinduced pump damage or infection.
In our series, complication rates were relatively low; 2 children demonstrated ITB pump infection with a Pseudomonas organism, necessitating implant removal. It was deemed that in both cases the primary source of infec tion was remote from the operation site. Because of their underlying condition and borderline nutritional status, children with cerebral palsy are predisposed to infec tions. Thus, rates of deep wound infection with spinal in strumentation have been reported to be as high as 13%. 15 Therefore, we advise performing a thorough preoperative search and treatment for infection and devoting meticu lous intra and postoperative attention to reduce rates of infection. Our current infection rate for all ITB implants in children with cerebral palsy is 6%.
Rather than analyzing the use of spasticity scores, we preferred to analyze in a multidisciplinary manner the efficacy of ITB in children, especially in relation to nursing care. All of our successful implantations showed improvements in spasticity and resulting significant im provement in facilitating nursing care.
Conclusions
Implantation of an ITB catheter via a cervical ap proach is safe and effective and should be considered in children with severe corrected or uncorrected scoliosis, and thus avoiding the lumbar spinal sac.
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